I have discussed in a special case' the conditions under which Spearman's g remains invariant when the test scores are combined linearly. Irwin2 has remarked that there would appear to be particular psychological importance to those transformations which conserve g. It may be that some further comments will be useful. Let We are supposing that k = 3. The general factor g common to the three a's which may be called a, b, c will be found from
Thus the correlation of the total test or team with the general factor is the square root8 of the reliability of the test as measured by ru. However, in this case we must consider the general factor as due both to the general intelligence and to the specific ability determined by the test and the undetermined part of this general factor would be due merely to that sort of chance fluctuation which produces the degree of unreliability which is present; the specifics would have no significant content.
In the analysis of a hierarchical system we introduce Sa, Sb, Ss, . . . along with g in such a manner that the k(k + 1)/2 correlations of the k + 1 series each with each is zero. In case the s's were purely fortuitous as in the analysis just given for a single test cut into sections it would be expected that, except for the fluctuations of sampling, the correlations of the s's with themselves or with g should vanish; in case, however, that the tests a, b, c,... are really different involving arithmetic, space, perception, verbal or other specific abilities, it might not be expected that the correlations of the specific abilities would be zero, but resolution into general and specifics is made in such a way by hypothesis that a person above the average in arithmetic ability is not above the average but is random in verbal ability (the correlation of the tests being due entirely to the fact that each gives some expression to and measure of the general intelligence of the testee); moreover, the person who is above average in g is quite random with respect to each specific ability, and conversely, when judged relative to the group tested. This randomness needs pondering in connection with the discussion of the linear combination of tests conserving g. Whether the linear combinations which conserve g are of any psychological importance is probably tied up with the question as to whether the specifics are of any psychological importance.9
The PROCEEDINGS, 14, pp. 283-291 (1928) , will be followed. 4 We have a rotation of the k vectors S,, Sb, . . . into sa, so, .. . with or without mirror reflection.
In case there are only three tests the nine constants li, mi, ni, may be expressed simply in terms of three independent numbers p, q, r to which any values may be assigned, viz., if C = 1 + p2 + q2 + r2 Cl1 = 1 + p2 -q2 -r2, Cm, = 2pq + 2r, Cn1 = 2pr-2q, Cl2 = 2pq-2r, Cm2 = 1 + q2 -p2 -r2, Cn2 = 2qr + 2p, Cl3 = 2pr + 2q, Cm3 = 2qr-2p, Cn3 = 1 + r2 -p2 -q2
to specify the rotations combined with interchange of a and b to allow for the mirroring. See Gibbs-Wilson, Vector Analysis, p. 343. The rotation will be infinitesimal if p, q, r are infinitesimal; in that case the higher powers of p, q, r may be neglected and the equations become 14 = M2 = n3 = 1, ml = -12 = 2r, 13 = -n2 = 2q, n2 = in3 = 2p from which it is at once evident that no infinitesimal rotation can have its constants all positive. For infinitesimal rotations in higher dimensions see C. L. E. (a + b + c) = -al + -ad 3£ Ga' + 0d = 1.
The factor Vrtt/r.. is to bring the variance of the sum up to 1; but in practice one would simply compound the scores and then standardize to unit variance.
9 When g is determined from the team t the specifics have become of no importance because they have been eliminated on the average, rtgt being that mean value of g which is the average of all persons who have specified scores on a, b, c, . . .; the value of gx for the different members of this specified group being rggtx g.
ii For Z see footnote (7). We have r2g = (1 + Z)-1 11 It is without practical significance to discuss teams of tests whose number k is comparable to the number n of persons tested, but it may be interesting just to note that even if we have k = n -2 tests, hierarchical and none of them g itself, g will not be determined and that if we have k = n -1 tests which are hierarchical one of them must be g itself or the resolution into general and specifics becomes impossible for lack of an additional dimension.
